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ABSTRACT : PROBLEM TO BE SOLVED: To make a device compact by eliminating a supply source of 
water and oxygen required at a reforming part outside and prevent reduction of hydrogen 
concentration in the fuel gas to be supplied to a fuel cell. 

SOLUTION: The fuel gas containing hydrogen is generated from isooctane by a 
reforming part 20, a shift part 30, a CO selecting oxidizing part 40. Cathode-off gas 
discharged from the cathode side of the fuel ceil 10 is sent to the reforming part 20 by a 
connecting pipe 14. Additionally, the reforming part 20 is heated by sending combustion 
gas of a combustor 26 to a heat exchanger 25 adjacent to the reforming part 25. As steam 
and unreacted oxygen are contained in the cathode off gas, and it is not necessary to 
provide an evaporator, a pipe to supply oxygen from the outside etc., on the reforming 
part. As it is possible to restrain a degree of partial oxydizing reaction which is exothermic 
reaction low by heating the reforming part 20, hydrogen concentration of the fuel gas is not 
reduced. 
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* notices * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] ... 
[Claim 1] The reforming section which generates the reformed gas which uses together a steam-reforming reaction and a partial 
oxidation reaction, and contains hydrogen from a hydrocarbon system fuel, In a fuel cell system equipped with the fuel cell which 
generates electricity in response to supply of hydrogen and oxygen, and the passage for reformed gas which leads the reformed gas 
from said reforming section to said fuel cell The fuel cell system characterized by having the passage for oxygen pole exhaust gas 
which uses the component of this gas for both the reactions in said reforming section, and a heat tracing means to heat said reforming 
section from an outside, by leading the gas discharged from the oxygen pole side of said fuel cell to said reforming section. 
[Claim 2] A fuel cell system [ equipped with the passage for fuel electrode exhaust gas which leads the gas discharged from the fuel 
electrode side of said fuel cell to said heat tracing means as a fuel of said heat tracing means ] according to claim 1 . 
[Claim 3] It is a fuel cell system according to claim 2. Said heat tracing means It has the combustion section which burns the gas from 
said passage for fuel electrode exhaust gas, and the heat transfer section which tells heat to said reforming section through the 
combustion gas which occurred in this combustion section. The fuel cell system concerned A fuel cell system equipped with the 
passage heating means for fuel electrode exhaust gas which raises the temperature of the gas which is formed in the middle of said 
passage for fuel electrode exhaust gas, and is discharged from said fuel electrode side using the heat from said reforming section. 
[Claim 4] A fuel cell system [ equipped with the hydrogen separation section which is prepared in the middle of said passage for 
reformed gas, and separates hydrogen out of said reformed gas ] according to claim 1 to 3. 

[Claim 5] A fuel cell system [ equipped with the passage for residual gas which leads the residual gas after hydrogen separation of said 
hydrogen separation section to said heat tracing means as a fuel of said heat tracing means ] according to claim 4. 
[Claim 6] Said hydrogen separation section is a fuel cell system [ equipped with the hydrogen demarcation membrane which separates 
hydrogen using a double-sided hydrogen content pressure deficit ] according to claim 4 or 5. 

[Claim 7] The reforming section which generates the reformed gas which uses together a steam-reforming reaction and a partial 
oxidation reaction, and contains hydrogen from a hydrocarbon system fuel, In a fuel cell system equipped with the fuel cell which 
generates electricity in response to supply of hydrogen and oxygen, and the passage for reformed gas which leads the reformed gas 
from said reforming section to said fuel cell By leading to said reforming section, the gas discharged from the oxygen pole side of said 
fuel cell The fuel cell system characterized by having the passage for oxygen pole exhaust gas which uses the component of this gas 
for both the reactions in said reforming section, and the hydrogen separation section which is prepared in the middle of said passage 
for reformed gas, and separates hydrogen out of the reformed gas from said reforming section. 

[Claim 8] Said hydrogen separation section is a fuel cell system [ equipped with the hydrogen demarcation membrane which separates 
hydrogen using a double-sided hydrogen content pressure deficit ] according to claim 7. 

[Claim 9] Said this oxidation gas transfer unit takes out a hyperoxia concentration gas from the mixture of gas which contains oxygen 
at least by having the oxidation gas transfer unit which is a fuel cell system according to claim 1 to 8, and supplies said oxidation gas 
to said fuel cell, and it is a fuel cell system equipped with an oxygen enrichment means to supply said fuel cell by making the 
hyperoxia concentration gas which took out into said oxidation gas, this picking. r 
[Claim 10] A fuel cell system [ equipped with the hydrogen utilization factor control means which controls the hydrogen utilization 
factor in said fuel cell ] according to claim 1 to 9. t 

[Claim 1 1] A fuel cell system [ equipped with the water retention tub which can collect some steams in the gas discharged from the 
oxygen pole side of said fuel cell ] according to claim 1 to 10. r . . - 

[Claim 12] Said water retention tub is a fuel cell system according to claim 1 1 which is the configuration prepared m the interior of a 
fuel cell stack equipped with said fuel cell. 

[Claim 13] Said water retention tub is a fuel cell system according to claim 1 1 which constitutes said a part of passage for oxygen pole 
exhaust gas while being prepared in the exterior of a fuel cell stack equipped with said fuel cell. 

[Claim 14] A fuel cell system equipped with a state control means to be a fuel cell system according to claim 13, and to change the 
internal state which affects dew condensation of the steam in said water retention tub. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fuel cell system equipped with the reforming section which generates hydrogen 

from a hydrocarbon system fuel especially using a reforming reaction about a fuel cell system. 

[0002] 

[Description of the Prior Art] When using a fuel cell as a power plant, it is necessary to supply hydrogen to the hydrogen pole side of a 
fuel cell. The hydrogen taken out from hydrocarbon system fuels, such as a methanol prepared as a raw material and natural gas, by 
the reforming reaction was used for supply of hydrogen. As a reforming reaction, there are various reforming reactions, for example, a 
steam-reforming reaction, and a partial oxidation reaction. The reforming reaction at the time of using natural gas as an example was 
shown below. 
[0003] 

CnHm+nH20 -> nCO+(n+m/2) H2 - (1) 
CnHm+(n/2) 02 -> nCO^(m/2) H2 - (2) 

[0004] The reaction expressed with an upper type (1) is a steam -reforming reaction, and the reaction expressed with an upper type (2) 
is a partial oxidation reaction. Although these reactions can also adopt either, they can also work both sides in the one reforming 
department to coincidence. A steam-reforming reaction is endothermic reaction and a partial oxidation reaction can balance the income 
and outgo of the heating value in the reforming section from it being exothermic reaction by using a steam-reforming reaction and a 
partial oxidation reaction in the one reforming department as mentioned above. A steam-reforming reaction is supplying water and a 
partial oxidation reaction is promoted by supplying oxygen so that these reactions may be expressed with an upper type (1) and (2). 
[0005] Conventionally, as a technique of performing efficiently supply of the water in the above-mentioned reforming section, and 
oxygen, as shown in JP,2000-1 95534 ,A, the technique of making the reforming section circulating through the off-gas discharged 
from an oxygen pole side at the time of operation of a fuel cell is proposed. According to this technique, an evaporator, the conduit 
which supplies oxygen from an outside can be made unnecessary by aiming at reuse of the steam and the unreacted oxygen which are 
generated by operation of a fuel cell. 
[0006] 

[Problem(s) to be Solved by the Invention] In order to make unnecessary the conduit which supplies oxygen from an evaporator or the 
exterior, it is necessary to see from the income and outgo of the heating value in the reforming section, and to raise a partial oxidation 
reaction to a certain amount of magnitude naturally. At the partial oxidation reaction, since not only carbon but hydrogen oxidized, 
when extent of a partial oxidation reaction was raised, the problem that will become big and the hydrogen concentration of the 
reformed gas generated decreased produced the amount of hydrogen which oxidizes. 

[0007] This invention aims at being compatible in attaining miniaturization of equipment as outside unnecessary in the source of 
supply of the water which is needed in the reforming section, or oxygen, and preventing reduction of the hydrogen concentration in the 
fuel gas supplied to a fuel cell. 
[0008] 

[The means for solving a technical problem, and its operation and effectiveness] The configuration shown below was taken as a means 
for solving a part of technical problem [ at least ] mentioned above. 

[0009] The reforming section which generates the reformed gas which the 1st fuel cell system of this invention uses together a steam- 
reforming reaction and a partial oxidation reaction, and contains hydrogen from a hydrocarbon system fuel, In a fuel cell system 
equipped with the fuel cell which generates electricity in response to supply of hydrogen and oxygen, and the passage for reformed gas 
which leads the reformed gas from said reforming section to said fuel cell It is making into the summary to have the passage for 
oxygen pole exhaust gas which uses the component of this gas for both the reactions in said reforming section, and a heat tracing 
means to heat said reforming section from an outside, by leading the gas discharged from the oxygen pole side of said fuel cell to said 
reforming section. 

[0010] According to the fuel cell system of the above-mentioned configuration, the gas discharged from the oxygen pole side of a fuel 
cell by the passage for oxygen pole exhaust gas is sent to the reforming section. Meals can be provided in the system of a system, 
without forming the conduit which supplies oxygen for water required for a steam-reforming reaction, and air required for a partial 
oxidation reaction from an evaporator or the exterior separately into this gas, since the steam and the unreacted oxygen which are 
generated by operation of a fuel cell are contained. For this reason, the miniaturization of a system can be attained. And since the 
reforming section is heated by the heat tracing means, even if it stops low extent of the partial oxidation reaction which is exothermic 
reaction, balance of the income and outgo of the heating value in the reforming section is not broken down. For this reason, the fall of 
the amount of hydrogen by the partial oxidation reaction can be suppressed, and reduction of the hydrogen concentration in reformed 
gas can be prevented. That is, according to this 1st fuel cell system, coexistence with the miniaturization of a system and reduction 
prevention of the hydrogen concentration in reformed gas can be aimed at 

[001 1] In the 1st fuel cell system of the above-mentioned configuration, it can consider as a configuration equipped with the passage 
for fuel electrode exhaust gas which leads the gas discharged from the fuel electrode side of said fuel cell to said heat tracing means as 
a fuel of said heat tracing means. 

[0012] According to this configuration, meals can be provided with the exhaust gas which discards the fuel of a heat tracing means 
conventionally. Therefore, the energy efficiency in the whole system of a system is excellent. 

[0013] In a fuel cell system equipped with the above-mentioned passage for fuel electrode exhaust gas said heat tracing means It has 
the combustion section which burns the gas from said passage for fuel electrode exhaust gas, and the heat transfer section which tells 



http://www4.ipdl.ncipi.go ,jp/cgi-bin/tran_web_cgi_ejje 3/14/2007 



JP,2002-289245,A [DETAILED DESCRIPTION] Page 2 of 9 



heat to said reforming section through the combustion gas which occurred in this combustion section. The fuel cell system concerned 
It is prepared in the middle of said passage for fuel electrode exhaust gas, and can consider as a configuration equipped with the 
passage heating means for fuel electrode exhaust gas which raises the temperature of the gas discharged from said fuel electrode side 
using the heat from said reforming section. 

[0014] The gas discharged from the fuel electrode side of a fuel cell has comparatively low temperature from becoming the 
temperature according to the operating temperature of a fuel cell. For this reason, even if it burns that gas as it is in the combustion 
section, it is difficult to fully raise the temperature of the reforming section in that temperature of combustion. In the fuel cell system 
of this configuration, with the heat from the reforming section, since the above-mentioned gas is raised to sufficient temperature, it 
becomes high [ the temperature of combustion ] enough. For this reason, the reforming section can be easily raised to high temperature 
required for a reforming reaction. 

[0015] In the 1st fuel cell system of the above-mentioned configuration, it is prepared in the middle of said passage for reformed gas, 
and can consider as a configuration equipped with the hydrogen separation section which separates hydrogen out of said reformed gas. 

[0016] According to this configuration, since the hydrogen in reformed gas is separable with the hydrogen separation section, as fuel 
gas supplied to a fuel cell, gas with still higher hydrogen concentration can be obtained. 

[0017] In a fuel cell system equipped with the above-mentioned hydrogen separation section, it can also consider as a configuration 
equipped with the passage for residual gas which leads the residual gas after hydrogen separation of said hydrogen separation section 
to said heat tracing means as a fuel of said heat tracing means. 

[001 8] According to this configuration, the fuel of a heat tracing means can be provided by the residual gas after hydrogen separation 

of the hydrogen separation section. Therefore, the energy efficiency in the whole system of a system is excellent. 

[0019] In a fuel cell system equipped with the above-mentioned hydrogen separation section, said hydrogen separation section can be 

considered as a configuration equipped with the hydrogen demarcation membrane which separates hydrogen using a double-sided 

hydrogen content pressure deficit. # 

[0020] If a hydrogen partial pressure is reduced by supplying purge gas to the hydrogen separation section etc., it is efficiently 

separable with a hydrogen demarcation membrane. 

[0021] The reforming section which generates the reformed gas which the 2nd fuel cell system of this invention uses together a steam- 
reforming reaction and a partial oxidation reaction, and contains hydrogen from a hydrocarbon system fuel, In a fuel cell system 
equipped with the fuel cell which generates electricity in response to supply of hydrogen and oxygen, and the passage for reformed gas 
which leads the reformed gas from said reforming section to said fuel cell By leading to said reforming section, the gas discharged 
from the oxygen pole side of said fuel cell It is prepared in the middle of the passage for oxygen pole exhaust gas which uses the 
component of this gas for both the reactions in said reforming section, and said passage for reformed gas, and is making into the 
summary to have the hydrogen separation section which separates hydrogen out of the reformed gas from said reforming section. 
[0022] According to the fuel cell system of the above-mentioned configuration, the gas discharged from the oxygen pole side of a fuel 
cell by the passage for oxygen pole exhaust gas is sent to the reforming section. Meals can be provided in the system of a system, 
without forming the conduit which supplies oxygen for water required for a steam-reforming reaction, and air required for a partial 
oxidation reaction from an evaporator or the exterior separately into this gas, since the steam and the unreacted oxygen which are 
generated by operation of a fuel cell are contained. For this reason, the miniaturization of a system can be attained. When returning the 
gas discharged from the oxygen pole side of a fuel cell to the reforming section, as the term of Object of the Invention explained, it is 
necessary to raise extent of a partial oxidation reaction. In the fuel cell system of this configuration, since the hydrogen in reformed 
gas is separable with the hydrogen separation section, even if the hydrogen concentration of reformed gas decreases by raising extent 
of a metaphor partial oxidation reaction, gas with hydrogen concentration high as fuel gas supplied to a fuel cell can be obtained. That 
is, according to this 2nd fuel cell system, coexistence with the miniaturization of a system and reduction prevention of the hydrogen 
concentration in fuel gas can be aimed at. 

[0023] In the fuel cell system of the above 2nd, said hydrogen separation section can be considered as a configuration equipped with 
the hydrogen demarcation membrane which separates hydrogen using a double-sided hydrogen content pressure deficit. 
[0024] If a hydrogen partial pressure is reduced by supplying purge gas to the hydrogen separation section etc., it is efficiently 
separable with a hydrogen demarcation membrane. 

[0025] In the above 1st or the 2nd fuel cell system, it can have the oxidation gas transfer unit which supplies said oxidation gas to said 
fuel cell and said this oxidation gas transfer unit can be considered as a configuration equipped with an oxygen enrichment means to 
take out a hyperoxia concentration gas from the mixture of gas which contains oxygen at least, and to supply said fuel cell by making 
into said oxidation gas this hyperoxia concentration gas that took out picking. 

[0026] According to this configuration, the nitrogen concentration contained in reformed gas decreases, and since the dilution rate by 
nitrogen gas is reduced, the hydrogen concentration in reformed gas can be raised further. 

[0027] In the above 1st or the 2nd fuel cell system, it can consider as a configuration equipped with the hydrogen utilization factor 
control means which controls the hydrogen utilization factor in said fuel cell. 

[0028] According to this configuration, the amount of the water generated in the cathode side of a fuel cell can be changed by 
changing a hydrogen utilization factor by the hydrogen utilization factor control means, and the water vapor content in the gas 
discharged from the oxygen pole side of a fuel cell can be changed. Therefore, since the water vapor content contained in the exhaust 
gas of the above-mentioned oxygen pole can be increased by changing the hydrogen utilization factor of a fuel cell also when more 
water is needed in the reforming section at the times of operation which does not usually come out at the time of starting and a load 
effect etc., required water can fully be provided with the reforming section only by the gas. For this reason, also a sake [ at the time of 
non-usuaroperation ], separately, since it is not necessary to form the conduit which supplies oxygen from an evaporator or the 
exterior, the miniaturization of a system is realized certainly. 

[0029] In the above 1st or the 2nd fuel cell system, it can also consider as a configuration equipped with the water retention tub which 
can collect some steams in the gas discharged from the oxygen pole side of said fuel cell. 

[0030] According to this configuration, also when the water in the reforming section cannot be provided only with the exhaust gas 
from an oxygen pole side, it becomes possible to supply the water of a complement to the reforming section by using the water stored 
in the water retention tub. . . 

[003 1] In the above-mentioned configuration, said water retention tub can be considered as the configuration prepared in the interior 
of a fuel cell stack equipped with said fuel cell. 

[0032] According to this configuration, a water retention tub will always be maintained at fixed temperature in response to the 
operating temperature of a fuel cell. For this reason, are concerned, there is nothing in the amount of water generation in a fuel cell, 
and the water of about 1 quantum can be stored in a water retention tub. 
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[0033] In a configuration equipped with the above-mentioned water retention tub, said water retention tub can be considered as the 
configuration which becomes said a part of passage for oxygen pole exhaust gas while it is prepared in the exterior of a fuel cell stack . 
equipped with said fuel cell In this configuration, it can also consider as a configuration equipped with a state control means to change 
the internal state which affects dew condensation of the steam in said water retention tub. 

[0034] According to this configuration, water is stored by the water retention tub in the middle of the passage for oxygen pole exhaust 
gas. This water retention tub is adjusted to the internal state which affects dew condensation of a steam by the state control means. For 
this reason, it becomes possible to control the amount of dew condensation of the steam in a water retention tub of storage, i.e., the 
amount of water. 
[0035] 

[Other modes of invention] This invention contains other following modes. The mode is a mode as a fuel cell system equipped with 
the air utilization rate control means which controls the air utilization rate in said fuel cell in the fuel cell system indicated to each 
claim of the column of a claim. In this mode, the amount of the oxygen generated in the oxygen pole side of a fuel cell can be changed 
by changing an air utilization rate by the air utilization rate control means, and the amount of oxygen in the gas discharged from the 
oxygen pole side of a fuel cell can be changed. Therefore, since the amount of oxygen contained in the exhaust gas of the above- 
mentioned oxygen pole can be increased by changing the air utilization rate of a fuel cell also when more oxygen is needed in the 
reforming section, required air can fully be provided with the reforming section only by the gas. 
[0036] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained in order of the following based on an example. 
A. 1st example: cathode off-gas - the reforming section - modification [ of the supply + heat tracing B. 1st example ]: -- anode off- 
gas as a fuel of heat tracing The use C. 2nd example : cathode off-gas the reforming section - supply + hydrogen demarcation 
membrane D. 3rd example: - cathode off-gas the reforming section -- supply + hydrogen demarcation membrane + heat tracing E. 4th 
example: - configuration F. 5th example: equipped with the oxygen enrichment section - configuration G. 6th example: which carries 
out adjustable [ of the hydrogen utilization factor ] - 1st modification [ of the configuration H. 6th example equipped with the 
reservoir tank of water ]: - a reservoir tank The 2nd modification of the configuration I. the 6th example prepared in the interior of a 
stack: The modification of configuration J. which carries out adjustable [ of the temperature of a reservoir tank ], and others [0037] A. 
The 1st example : it is the explanatory view in which supply + heat tracing drawin g.! shows the outline configuration of the fuel cell 
system as the 1st example to the reforming section for cathode off-gas. this fuel cell system - a raw material - decomposing -- 
hydrogen - it consists of fuel cells 10 which acquire electromotive force according to the electrochemical reaction using the fuel gas 
generative system which generates rich fuel gas, the hydrogen in the generated fuel gas, and the oxygen in air. 

[0038] In case a fuel cell 10 generates electricity, specifically, they are a polymer electrolyte fuel cell, a phosphoric acid fuel cell, etc. 
that what is necessary is just the thing of the class which carries out the byproduction of the water (steam). In this example, it was 
comparatively small and the fuel cell of the solid-state macromolecule membrane type which is excellent in generating efficiency was 
' applied A fuel cell 10 carries out two or more laminatings of an electrolyte membrane, a cathode, an anode, and the eel that consists 
of separators, and is constituted. An electrolyte membrane is the ion exchange membrane of proton conductivity formed by solid-state 
polymeric materials, such as fluororesin. Both the cathode and the anode are formed of the carbon cross which wove the carbon fiber. 
The separator is formed of the conductive gas member which is not penetrated, such as substantia-compacta carbon which compressed 
carbon and it presupposed gas un-penetrating. The passage of fuel gas and oxidation gas is formed between an anode and a cathode. 
The air into which oxidation gas was compressed by the press pump 12 is used, and fuel gas is generated by the fuel gas generative 

[0039] In the anode side of a fuel cell 10, if fuel gas is sent in, a hydrogen ion will be generated (H2 -> 2H++2e-). On the other hand, 
if air is sent in in a cathode side, oxygen ion will be generated from the oxygen in this air, and power will occur within a fuel cell. 
Moreover, in a cathode, the byproduction of the water is carried out to this and coincidence from said hydrogen ion and oxygen ion 
(02+2H++2e~>H20). (1/2) Most of these water absorbs the heat generated within a fuel cell, and it is generated as a steam^ The end 
of a communication trunk 14 is connected to the cathode side of a fuel cell 10 so that it can send into the reforming section 20 which 
mentions later the steam generated by this cathode side. . . ~- m 

[00401 The outline configuration of the fuel gas generative system for generating fuel gas from a raw material is as follows I he 
gasoline which uses an isooctane (C8H 1 8) as a principal component is used for a raw material. This fuel gas generative system is 
equipped with the reforming section 20 which generates the gas (it is hereafter called reformed gas) which reforms an isooctane and 
contains hydrogen, and the shift section 30 and CO selective oxidation section 40 which remove CO from the reformed gas generated 
in this reforming section 20. In addition, it can also consider as the configuration using oxygenated fuels, such as other hydrocarbon 
fuels, such as natural gas, and alcohol, at a raw material. 

T004 1 1 The other end of the communication trunk 1 4 connected to the cathode side of the fuel cell 1 0 which the supply pipe Z2 
connected to the fuel tank which is not illustrated is connected to the reforming section 20, and was mentioned above is connected 
From a supply pipe 22, a gasoline is sprayed directly. From a communication trunk 14, the steam generated with a fuel cell 10 and the 
unreacted oxygen which remains are supplied by sending in the cathode off-gas of a fuel cell 10. The interior of the reforming section 
20 is equipped with the catalyst for reforming which promotes a reforming reaction. When using a gasoline and natural gas as a raw 
material, a nickel catalyst and rhodium noble metals can be used as a catalyst for reforming, and when using a methanol as a raw 
material! it is known that a CuO-ZnO system catalyst, a Cu-ZnO system catalyst, etc. are effective. 

[0042] In the reforming section 20, the steam-reforming reaction and partial oxidation reaction which were previously shown by the 
formula (1) and (2) occur collectively in response to supply of an isooctane, water, and oxygen. In addition, it is all that are depended 
on the communication trunk 14 mentioned above, and the water to the reforming section 20 and supply of oxygen are not made by 
other means from the outside. Of course, it can also consider as a configuration equipped with the system which supplies water (or 
steam) and oxygen depending on the property of the case where a load is changed, or a fuel cell separately. 
[0043] The combustor 26 is adjoined and formed in the above-mentioned reforming section 20 through the heat exchanger (heat 
exchanger) 25. As a fuel of a combustor 26, some gasolines from the fuel tank (the same as that of the fuel tank which supplies a 
gasoline to the reforming section 20) which is not illustrated are supplied. Moreover, air is supplied to a combustor 26 by the press 
pump 24 A combustor 26 burns in response to supply of a gasoline and air. The combustion gas of a combustor 26 is discharged 
outside through the interior of a heat exchanger 25. By the combustion gas from a combustor 26, the temperature up of the heat 
exchanger 25 was carried out, and it has told heat to the reforming section 20. , ^n_- ™ u 

[0044] The shift section 30 is connected to said reforming section 20 through the communication trunk 28. This shift section 30 makes 
CO in the reformed gas generated in the reforming section 20 react with water, and carries out conversion to C02. Specifically, the 
conversion reaction of this shift section 30 is a reaction shown by CO+H2 0->H2+C02. In addition, since water is discharged also 
from an anode side as water required for the conversion reaction in this shift section in addition to the water contained in the cathode 
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off-gas of a fuel cell 10, these water may be collected and additional supply may be carried out at the shift section 30. ■ 
[0045] CO selective oxidation section 40 is connected to said shift section 30 through the communication trunk 32. This CO selective 
oxidation section 40 oxidizes, and carries out conversion of CO which was not removed in the shift section 30 to C02. Oxygen is 
required for the conversion reaction (CO+(l/2) 02 ->C02) of this CO selective oxidation section 40. Therefore, the conduit 34 which 
sends in air as a source of oxygen is connected to the communication trunk 32. 

[0046] The fuel gas passage by the side of the anode in a fuel cell 10 is connected to said CO selective oxidation section 40 through 
the communication trunk 42. The gas discharged from CO selective oxidation section 40 is sent to a fuel cell 10 through a 
communication trunk 42 as fuel gas. 

[0047] In addition, heat exchangers 54 and 58 adjoin the shift section 30 and CO selective oxidation section 40, respectively, and heat 
exchangers 52 and 56 are formed in the communication trunk 28 between the reforming section 20 and the shift section 30, and the 
communication trunk 32 between the shift section 30 and CO selective oxidation section 40, respectively. While a temperature control 
is planned from an outside by heat exchangers 54 and 58, as for the shift section 30 and CO selective oxidation section 40, a 
temperature control is planned from the inside through cathode off-gas by heat exchangers 52 and 56. Consequently, the shift section 
30 is adjusted to the optimal temperature for that conversion, and CO selective oxidation section 40 is adjusted to the temperature 
which suppresses generation of heat produced by burning CO. 

[0048] In addition, the communication trunk 14 which sends the cathode off-gas of a fuel cell 10 is also ****(ed), and heat exchangers 
52, 54, 56, and 58 are performing heat exchange so that the heating value obtained in the reformed gas, the shift section 30, or CO 
selective oxidation section 40 from the reforming section may be transmitted to a communication trunk 14 side. 
[0049] In the fuel cell system of the above-mentioned configuration, the temperature control of each part is planned by the heat 
exchanger 25 and the above-mentioned heat exchangers 52, 54, 56, and 58 which adjoin the reforming section 20. It explains below to 
what temperature each part is adjusted. 

[0050] First, the air content of 1 .2 is sent for a SUTOIKI ratio to the cathode of a fuel cell 1 0 by the press pump 1 2. Here, a SUTOIKJ 
ratio shows the rate of an excess of the oxygen at the time of setting the amount of oxygen required for a generation-of-electrical- 
energy reaction (H2+( 1 12) 02->H20) to 1 .0. In a fuel cell 1 0, only the part exceeding the SUTOIKI ratio 1 .0 is discharged in cathode 
off-gas, without consuming oxygen. Consequently, 3%, N2 becomes [ H20 ] and, as for cathode off-gas, 02 becomes 23% of 
component ratio 74%. The temperature of this cathode off-gas becomes about 80 degrees C in response to the operating temperature (a 
solid-state macromolecule mold about 80 degrees C) of a fuel cell. Cathode off-gas is heated in order by the heat exchanger 58, the 
heat exchanger 56, the heat exchanger 54, and the heat exchanger 52, and a temperature up is carried out to about 600 degrees C. This 
gas flows into the reforming section 20. . 
[005 1 ] On the other hand, as mentioned above, the isooctane is supplied to the reforming section 20, and reforming of the isooctane is 
carried out using the oxygen and water which are contained in cathode off-gas. The component ratios of the mixed gas inside the 
reforming section at this time are as follows 0/C(oxygen/carbon) =0.4 and S/C(steam/carbon) =2.2. . . , 

[0052] Drawing 2 is a graph which shows the value of S/C to the SUTOIKI ratio of the oxygen of a cathode in the configurahon which 
sends cathode off-gas into the reforming section 20, and O/C. This graph makes the trial calculation of O/C and S/C to each SUTOIKI 
ratio noting that the SUTOIKI ratio of the cathode of a fuel cell 1 0 is the value of 1 .0 to 1 .5. In addition, all the steams that the 
reforming reaction effectiveness of the reforming section is 100 [%], and were generated with the cathode as a prerequisite of this trial 
calculation shall be contained in cathode off-gas. Moreover, the trial calculation of the hydrogen utilization factor by the side of the 
anode of a fuel cell is made as 80%. , . 

[0053] When a SUTOIKI ratio is 1 .2 which is the numeric value of this example so that the graph shown in drawing 2 may show u/u 
is set to 0 4 and S/C is set to 2.2. That is, it becomes possible by sending the oxygen content gas of the SUTOIKI ratio 1.2 into a fuel 
cell 10 to supply only the steam exceeding a water vapor content (S/C = about 1 .6) indispensable of the steam-reforming reaction in 
the reforming section 20 to the reforming section 20. m ^ 

[0054] In return and the reforming section 20, when O/C of mixed gas is 0.7 or less, it becomes drawing 1 with endothermic reaction, 
but in this example, since it is O/C=0.4 as mentioned above, it becomes endothermic reaction and heating values run short. In this 
example, as for the reforming section 20, the temperature control is planned by being heated through a heat exchanger 25 with a 

[00^5Hndeteil, a combustor 26 sends the combustion gas which air is burned and becomes about 1000 degrees C to a heat exchanger 
25 Consequently, the reforming section 20 which adjoins a heat exchanger 25 will be heated by about 700 degrees C As tor the 
reformed gas by which reforming was carried out in the reforming section 20, temperature is lowered by the heat exchanger 52. A heat 
exchanger 52 is telling a heating value to a communication trunk 1 4 side, the fall of the temperature of the reformed gas discharged 
from the reforming section 20 is aimed at, and the temperature inside the shift section 30 is reduced by about 250 degrees C suitable 
for a water gas shift reaction by this heat exchanger 52 and the heat exchanger 54 which adjoins the shift section 30. 
[0056] As for the gas in which conversion was carried out by the shift section 30, temperature is further lowered by the heat exchanger 
56 A heat exchanger 56 is telling a heating value to a communication trunk 14 side, the fall of the temperature of the gas discharged 
from the shift section 30 is aimed at, and the temperature inside CO selective oxidation section 40 is suppressed by about about 150 
degrees C by this heat exchanger 56 and the heat exchanger 58 which adjoins the shift section 30. The fuel gas discharged from CO 
selective oxidation section 40 is sent to the passage by the side of the anode of a fuel cell 10 as it is. 

[0057] According to the fuel cell system of this 1st example constituted as mentioned above, the cathode off-gas discharged rrom the 
cathode side of a fuel cell 10 is sent to the reforming section 20 by the communication trunk 14 equivalent to the passage for oxygen 
pole exhaust gas. Meals can be provided in the system of a system, without forming the conduit which supplies oxygen for water 
required for a steam-reforming reaction, and air required for a partial oxidation reaction from an evaporator or the exterior separately 
into cathode off-gas, since the steam and the unreacted oxygen which are generated by operation of a fuel cell 10 are contained. For 
this reason the miniaturization of a system can be attained. And since the reforming section 20 is heated with a combustor 26, even it 
it stops low extent of the partial oxidation reaction which is exothermic reaction, balance of the income and outgo of the heating value 
in the reforming section 20 is not broken down. For this reason, the fall of the amount of hydrogen by the partial oxidation reaction 
can be suppressed, and reduction of the hydrogen concentration in reformed gas can be prevented. 

[0058] That is, according to the fuel cell system of this 1st example, coexistence with the miniaturization of a system and reduction 
prevention of me hydrogen concentration in reformed gas can be aimed at 

[0059] B. The modification of the 1st example : it was not especially explaining how the anode off-gas discharged from the anode ot a 
fuel cell 10 in the 1st example of use considering anode off-gas as a fuel of heat tracing would be processed. Usually, it is sending into 
the combustor (what has another combustor 26 for the reforming sections) which does not illustrate anode off-gas, and the 
configuration which incinerates the hydrogen of the remainder contained in anode off-gas is taken. Drawing 3 is the explanatory view 
showing the outline configuration of the fuel cell system as a modification of the 1st example. In this modification, the case where 
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anode off-gas was used as a fuel of the combustor 26 which heats the reforming section 20 was illustrated. That is, the end of a 
communication trunk 90 is connected to the anode side of a fuel cell 10, and the other end of this communication trunk 90 is connected 
with the combustor 26 so that it may illustrate, and the anode off-gas of a fuel cell 10 can be sent into a combustor 26. In addition, in 
this 2nd example, the combustor 26 has not received supply of a gasoline from a fuel tank like the 1st example. However, when a rapid 
heating value is at the time of a load effect, it can also consider as the configuration which receives the gasoline supply from a fuel cell 
tank as correspondence when there are few amounts of return hydrogen from a stack. 

[0060] In the middle of this communication trunk 90, the heat exchanger 52 between a communication trunk 14 and a communication 
trunk 28 is inserted so that heat exchange may be carried out also to this communication trunk 90. Usually destroying by fire and 
canceling of anode off-gas from that hydrogen concentration is low and the operating temperature of a fuel cell 10 being low, as 
mentioned above was only completed. On the other hand, in this modification, by once heating anode off-gas by the heat exchanger 
52, a temperature up is carried out to about 500 degrees C, and it is considering as the available configuration at the combustor 26. 
[0061] The anode off-gas of a fuel cell 10 has comparatively low temperature from becoming the temperature according to the 
operating temperature of a fuel cell 10. For this reason, even if it burns anode off-gas as it is with a combustor 26, it is difficult to frilly 
raise the temperature of the reforming section 20 in that temperature of combustion. In the fuel cell system of this modification, with 
the heat from the reforming section 20, since the above-mentioned gas is raised to sufficient temperature, it becomes high [ the 
temperature of combustion ] enough. For this reason, the reforming section 20 can be easily raised to high temperature required for a 
reforming reaction. „ t __ n 

[0062] Therefore, this modification can be provided with the anode off-gas which discards the fuel of a combustor 26 conventionally. 
Therefore, the energy efficiency in the whole system of a system is excellent. 

[0063] C. The 2nd example : it is the explanatory view in which supply + hydrogen demarcation membrane drawing 4 shows the 
outline configuration of the fuel cell system as the 2nd example to the reforming section for cathode off-gas. This fuel cell system 
consists of a fuel gas generative system and a fuel cell 110 like the 1st example. A fuel cell 1 10 is the same as the fuel cell 10 of the 
1 st example, and that of a fuel gas generative system is peculiar to the 2nd example. 

[0064] The end of a communication trunk 1 14 is connected to the cathode side of a fuel cell 10 so that it can send into the reforming 
section 120 which mentions later the steam generated by this cathode side. 

[0065] The outline configuration of the fuel gas generative system for generating fuel gas from a raw material is as follows. The 
gasoline which uses an isooctane as a principal component is used for a raw material like the 1st example. This fuel gas generative 
system is equipped with the reforming section 120 which generates the reformed gas which reforms an isooctane and contains 
hydrogen and the hydrogen separation section 130 which separates hydrogen from the reformed gas generated in this reforming 
section 20. In addition, it can also consider as the configuration using oxygenated fuels, such as other hydrocarbon fuels, such as 

natural gas, and alcohol, at a raw material. . . 

[0066] The other end of the communication trunk 1 14 connected to the cathode side of the fuel cell 10 which the supply pipe 122 
connected to the fuel tank which is not illustrated is connected to the reforming section 120, and was mentioned above is connected 
From a supply pipe 122, a gasoline is sprayed directly. From a communication trunk 1 14, the steam generated with a fuel cell 110 and 
the unreacted oxygen which remains are supplied by sending in the cathode off-gas of a fuel cell 10. The reforming section 120 is ^the 
same as that of the reforming section 20 of the 1st example. In addition, it is all that are depended on the communication trunk 1 14 
mentioned above like the 1st example, and supply of the water and oxygen which are needed in the reforming section 120 with a 
• steam-reforming reaction and a partial oxidation reaction is not made by other means from the outside. Of course, it can also consider 
as a configuration equipped with the system which supplies water (or steam) and oxygen depending on the property of the case where 
a load is changed, or a fuel cell separately. . . 

[0067] The hydrogen separation section 130 is connected to said reforming section 120 through the communication trunk 128 J n 
addition, the heat exchanger 142 is formed between the communication trunks 114 and the above-mentioned communication trunks 
128 which supply cathode off-gas to the reforming section 120. The heat exchanger 142 is performing heat exchange so that the 
heating value obtained with the reformed gas from the reforming section 120 through the communication trunk 1 14 may be 
transmitted to a communication trunk 1 14 side. 

[0068] The hydrogen separation section 1 30 has composition which sandwiched hydrogen demarcation membrane 1 30a by 1 st 
chamber portion 130b for a reformed gas injection, and 2nd chamber portion 130c for hydrogen gas discharge. The a ^ve-men^ 
communication trunk 129 is connected to 1st chamber portion 130b. In addition, the shift catalyst is built in this 1st chamber portion 
130b A shift catalyst does so the same function as the shift section 30 of the 1st example, makes CO in reformed gas react with water, 
and carries out conversion to C02. Hydrogen demarcation membrane 130a is the film which consisted of metals which have hydrogen 
permselectivity, such as palladium. Although having constituted from a palladium metal simple substance was also possible by this 
example, the film which was made to support the particle of palladium and was formed into the pore of the porosity base material 
which consisted of ceramics was used for hydrogen demarcation membrane 130a. The structure of hydrogen demarcation membrane 
130a of this example is explained further. , n - 

r00691 Drawing 5 is the sectional view of hydrogen demarcation membrane 130a. Hydrogen demarcation membrane 130a ot this 
example is the porosity base material with a thickness of 0.1mm - 5mm with which the hydrogen separation metal was supported. 
Inside hydrogen demarcation membrane 1 30a, the ceramic particle al which constitutes a porosity base material vacates spacing 
which is about hundreds of A, exists, and forms pore as illustrated. The palladium particle a2 which is a hydrogen separation metal is 
supported inside this pore. On account of illustration, although it is indicated that the palladium particles a2 are scattered it is densely 
supported in fact by extent which plugs up the pore of a porosity base material inside. However, all pores are not plugged up. 
r0070] In case the mixed gas containing hydrogen passes through the clearance between the ceramic particles al the palladium 
particle a2 should just be supported by extent which be closed with the palladium particle a2 and which shifts and passes that pore 
inevitably In addition, the various matter which has the property which penetrates hydrogen alternatively as a metal to support can be 
applied, and the alloy of palladium and silver, the alloy of vanadium, etc. can be used. Moreover, an alumina, silicon nitnde, a silica, 
etc can be used as a ceramic particle. This hydrogen demarcation membrane 130a can be manufactured by the sinkmg-in supporting 
method which the solvent which melted the palladium particle a2 to the porosity base material formed beforehand is infiltrated, and is 
calcinated, the method of calcinating the polymer which mixed the ceramic particle which constitutes a porosity base material, and the 

palladium particle, etc. _ . nfi „ , . a 

[0071] The hydrogen which was generated by drawing 4 by the reforming reaction in return and the reforming section 120 and has 
been supplied to 1st chamber portion 130b through a communication trunk 128 passes hydrogen demarcation membrane 130a to the 
2nd chamber portion 130c side by the hydrogen content pressure deficit of 1st chamber portion 130b and 2nd chamber portion 130c. 
Any gas other than hydrogen is exhausted in order not to pass hydrogen demarcation membrane 130a. In this example, purge gas 
circulates through the pump 156 for circulation to 2nd chamber portion 130c. Moreover, air can be added now to a purge gas 

http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje 3/14/2007 



JP,2002-289245,A [DETAILED DESCRIPTION] Page 6 of 9 

circulation line through a path 150 as purge gas for starting of the circulatory system. In addition, as the above-mentioned purge gas, 
inert gas, such as nitrogen, is desirable. 

[0072] 2nd chamber portion 130c is connected with the fuel cell 1 10 through the communication trunk 152. The hydrogen separated 
by the hydrogen separation section 130 is supplied to the anode side of a fuel cell 1 10 as fuel gas with purge gas. 
[0073] The off-gas from the anode of a fuel cell 1 1 0 is returned to 2nd chamber portion 1 30c of the hydrogen separation section 1 30 
by the communication trunk 154. That is, the circuit between 2nd chamber portion 1 30c of the hydrogen separation section 130 and a 
fuel cell is formed of a communication trunk 152 and a communication trunk 154. It is placed between these communication trunks 
154 by the pump 156 for circulation, and gas (anode off-gas (i.e., hydrogen and purge gas)) circulates through a circuit with the pump 
156 for circulation. In addition, the path 150 mentioned above is connected to the above-mentioned communication trunk 154, and air 
is supplied in a circuit as a ** and an object for pressure maintenance at the time of starting. 

[0074] Moreover, the heat exchanger 158 is formed between the communication trunk 152 and the communication trunk 154. A heat 
exchanger 1 58 is performing heat exchange so that the temperature of anode off-gas may be raised to the temperature suitable for the 
hydrogen separation section 130, while reducing the temperature of the fuel gas discharged from 2nd chamber portion 130c of the 
hydrogen separation section 1 30 to the temperature suitable for operation of a fuel cell 110. 

[0075] In addition, in the fuel cell system of this 2nd example, the pressure by the side of reformed gas supply in the hydrogen 
separation section 130 is made higher than the pressure by the side of the purge gas circulation from the hydrogen separation section 
1 30 so that the pressure of 1 st chamber portion 1 30b may become higher than the pressure of 2nd chamber portion 1 30c in the 
hydrogen separation section 130. By this configuration, transparency of hydrogen arises in hydrogen demarcation membrane 130a 
which separates 1 st chamber portion 1 30b and 2nd chamber portion 1 30c. 

[0076] According to the fuel cell system of this 2nd example constituted as mentioned above, the cathode off-gas of a fuel cell 1 10 is 
sent to the reforming section 20 by the communication trunk 1 14 equivalent to the passage for oxygen pole exhaust gas. Meals can be 
provided in the system of a system, without forming the conduit which supplies oxygen for water required for a steam-reforming 
reaction and air required for a partial oxidation reaction from an evaporator or the exterior separately into cathode off-gas, since the 
steam and the unreacted oxygen which are generated by operation of a fuel cell 1 10 are contained. For this reason, the miniaturization 
of a system can be attained. When returning the cathode off-gas of a fuel cell to the reforming section, it is necessary to raise extent of 
a partial oxidation reaction. In the fuel cell system of this configuration, since the hydrogen in reformed gas is separable with the 
hydrogen separation section 130, the pressure in the hydrogen separation section by making high the pressure of 1st chamber portion 
130b rather than 2nd chamber portion 130c Even if the hydrogen concentration of reformed gas. decreases by raising extent ot a 
metaphor partial oxidation reaction, gas with hydrogen concentration high as fuel gas supplied to a fuel cell 1 10 can be obtained. That 
is, according to the fuel ceil system of this 2nd example, coexistence with the miniaturization of a system and reduction prevention ot 

the hydrogen concentration in generation gas can be aimed at. 

[00771 D The 3rd example : it is the explanatory view in which supply + hydrogen demarcation membrane + heat tracing drawing 6 
shows the outline configuration of the fuel cell system as the 3rd example to the reforming section for cathode off-gas. This fuel cell 
system* the configuration which was equipped with the configuration of the 2nd example (the same number as the 2nd example was 
attached to the same parts as the 2nd example), and was further equipped with the combustor 126 for heating the reforming section 
120. Like the 1st example, through the heat exchanger 125, a combustor 126 adjoins and is prepared in the detail As a fuel of a 
combustor 26, the residual gas of 1st chamber portion 130b of the hydrogen separation section 130 is supplied. That is air is supplied 
to a combustor 126 by the press pump 124 again. 1st chamber portion 130b of the hydrogen separation section 130 and a combustor 
126 are connected by the communication trunk 129. 

[0078] A combustor 126 burns in response to supply of the residual gas from the hydrogen separation section 130, and air. The 
combustion gas of a combustor 126 is discharged outside through the interior of a heat exchanger 125^ By the combustion gas from a 
combustor 126, the temperature up of the heat exchanger 125 was carried out, and it has told heat to the reforming section 120. 
[0079] The temperature control of each part is planned by the heat exchanger 125 by which the fuel cell 

mentioned configuration adjoins the reforming section 120, and the heat exchanger 142,158 prepared also in the 2nd example. It 
explains below to what temperature each part is adjusted. „ at u„A~ rtf Q r -u 1 1 o like 

T00801 First the air by which the SUTOIKI ratio was raised to 1.2 with me press pump 1 12 is sent to the cathode of a fuel cell 110 like 
She 1st Sple 74%. 3%. N2 becomes [ H2G ] and, as for the cathode off-gas from a fuel cell, 02 becomes 23% of component ratio. 
The temperature of this cathode off-gas becomes about 80 degrees C in response to the operating . t 400 

macromolecule mold about 80 degrees C) of a fuel cell. Cathode off-gas is heated by the heat exchanger 142, and becomes about 400 
degrees C. This gas is sent to the reforming section 120. „ , . . , ^ . . 

[0081] On the other hand, the isooctane is supplied to the reforming section 120 and reforming of the isooctane is earned out to it 
using the oxygen and water which are contained in cathode off-gas. The component ratios of the mixed gas inside ^the reforming 
3m at Js time are 0/00.4 and S/02.2, as the 1st example explained. In the reforming section, when O/C ^ mix^gasis 0.7 ^or 
less, it becomes endothermic reaction, but in this example, since it is 0/C=a4 as mentioned above, it * ec ™^ 
and heating values run short. In this example, as for the reforming section 120, the temperature control is planned by being heated 
through a heat exchanger 125 with a combustor 126. nnnn^^rt^w 
[0082] In detail, a combustor 126 sends the combustion gas which air is burned and becomes about 1000 degrees C toa *eat 
exchanger 125. Consequently, the reforming section 120 which adjoins a heat exchanger 125 will be heated by about 70C > degrees C. 
As for the reformed gas by which reforming was carried out in the reforming section 120, temperature is lowered by thehea 
exchanger 142. A heat exchanger 142 is telling a heating value to a communication trunk 1 14 side and falls to the tem^ture 
suitable for the water gas shift reaction in the hydrogen separation section 130 the temperature of the reformed gas discharged from the 
reforming section 120. This reformed gas becomes about 500 degrees C, and is sent to the hy^ogen separation section 130 
[0083] the hydrogen which the fall of the temperature of gas does not have and is discharged from the hydrogen separation l section 1 30 
in the hydrogen separation section 130 - temperature is lowered to about 100 degrees C by the heat exchanger 158, and rich fuel gas is 
sent to a fuel cell 110. The anode off-gas of a fuel cell 1 10 becomes same about 80 degrees C as the operating _ temperature of a fuel 
cell 1 10, and a temperature up is carried out after that to about 400 degrees C by the heat exchanger 158, and it is returned to the 

[00*4? Each^ceTs m^fuTgas generative system of the above-mentioned configuration explains below to what kind ^of value ^the 
hydrogen concentration in gas changes, the reformed gas discharged from the reforming section 120 - 6.3 /o, 52 6/o, C02 serves as 
[ H20 ] and CO serves as [ H2 / N2 ] 1 1 .5% of component ratio 5.1% 24.5%. residual hydrogen gas which is not penetrated [ wh^ch is 
mschargedfrom 1st chamber portion 130b of the hydrogen separation section 130 ]- 1.7%, 68. 8% C02 serves as ;[ H20 and CO 
serves as [ H2 / N2 ] 8.9% of component ratio 12.9% 7.6%. For this reason, since this residual gas bums enough, it is supplied to a 
combustor 126 through a communication trunk 129 as fuel gas. 
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[0085] Since it is not necessary to form the conduit which supplies oxygen from an evaporator or the exterior in the reforming section 
120 like the 2nd example, while being able to attain the miniaturization of a system according to the fuel cell system of the 3rd 
example constituted as mentioned above, reduction prevention of the hydrogen concentration in reformed gas can also be aimed at by 
forming the hydrogen separation section 130. Furthermore, in this 3rd example, since the reforming section 120 is heated with a 
combustor 126, even if it stops low extent of the partial oxidation reaction which is exothermic reaction, balance of the income and 
outgo of the.heating value in the reforming section 120 is not broken down. For this reason, the fall of the amount of hydrogen by the 
partial oxidation reaction can be suppressed, and reduction of the hydrogen concentration in reformed gas can be prevented. That is, 
according to the fuel cell system of this 3rd example, reduction of the hydrogen concentration in generation gas can be prevented 
further. 

[0086] Drawing 7 is a graph which shows the effectiveness of hydrogen generation of the 1st thru/or the fuel cell system of the 3rd 
example. This graph takes the effectiveness E of hydrogen generation of the SUTOIKI ratio of the oxidation gas supplied to the 
cathode of a fuel cell 1 10 on an axis of ordinate along an axis of abscissa. Here, effectiveness E is defined by a degree type (3) or (4). 
[0087] 

1. In Case of Example (2nd and 3rd Example) Equipped with Hydrogen Separation Section Rate of Amount of Effectiveness E= 
Generation Hydrogen X Hydrogen Permeation / Fuel Efficiency (LHV) - (3) 

Here, the rate of hydrogen permeation is a rate of hydrogen permeation of hydrogen demarcation membrane 130a. In the 2nd and 3rd 
example of the above, it may be 80%. 

2. In Case of Example (1st Example) Which is not Equipped with Hydrogen Separation Section Amount of Effectiveness E= 
Generation Hydrogen X Hydrogen Utilization Factor / Fuel Efficiency (LHV) — (3) 

Here, a hydrogen utilization factor is a hydrogen utilization factor in an anode. In the 1st example of the above, it may be 80%. 
[0088] Among drawing, a continuous line shows the effectiveness E over the SUTOIKI ratio of the cathode gas of the 3rd example, 
and an alternate long and short dash line shows the effectiveness E over the SUTOIKI ratio of the cathode gas of the 1st and 2nd 
examples. In addition, a drawing solid line can also show the effectiveness E over the SUTOIKI ratio of the cathode gas of the 
modification of the 1st example. 

[0089] With the configuration which supplies the 3rd example, i.e., cathode off-gas, to the reforming section, prepares a hydrogen 
demarcation membrane, and performs heat tracing, effectiveness E is very high so that it may illustrate. Effectiveness E is so high that 
reforming is especially performed with a steam-reforming subject so that drawing 2 may also show so that the SUTOIKI ratio of 
cathode gas is small that is,. Effectiveness E can also realize the well head of 80% or more. Moreover, as compared with the 
conventional technique (the wavy line showed among drawing), a well head is realizable also in the 1st example or the 2nd example. 
Furthermore, effectiveness E is very high in the modification of the 1st example, i.e., the modification which used anode off-gas as a 
fuel of heat tracing, to the same extent as the 3rd example. 

[0090] Therefore, according to the 1 st thru/or the 3rd example, the graph shown in drawing 7 also shows that the hydrogen 
concentration in -generation gas can be raised. *-- ; 

[0091] E The 4th example : in a configuration 1st thru/or the 3rd example equipped with the oxygen enrichment section, the air into 
which the oxidation gas supplied to the cathode side of a fuel cell 10 (or 1 10) was compressed by the press pump 12 (or 1 12) is used. 
Drawing 8 is the explanatory view of the fuel cell system of the 4th example showing a configuration in part. This 4th example is 
equipped with the 1st thru/or the same configuration as any one of the 3rd examples, and is equipped with a configuration peculiar to 
the oxidation gas transfer unit which supplies oxidation gas to a fuel cell 1 0 ( 1 1 0) on it. 

[00921 As shown in drawing 8 , the oxidation gas transfer unit is equipped with the oxidation gas supply line 190 connected to the 
oxidation gas passageway by the side of the cathode of a fuel cell 1 0 (1 1 0), and the press pump 1 2 (or 1 1 2) formed in the middle like 
the 1st thru/or the 3rd example. Furthermore, in this modification, it is the configuration equipped with the oxygen enrichment section 
192 between the press pump 12 (112) and the fuel cell 10(110). 

[0093] The oxygen enrichment section 192 is field-type oxygen enricher, and an oxygen molecule is a paramagnetism and it pertorms 
processing (oxygen enrichment) which raises the oxygen density in air using high magnetic susceptibility being shown. The magnetic 
susceptibility of an oxygen molecule is 106.2x10-6 emu/g. Thus, the nitrogen which occupies about 75.5% in air to the oxygen which 
occupies about 23% in air being a paramagnetism is diamagnetism, and the magnetic susceptibility is -0.43x10-6 emu/g^Theretore, 
using these properties, oxygen and nitrogen can be separated in a field and high-concentration oxygen can be obtained from air. That 
is if air is drawn into a field, the oxygen which shows a paramagnetism moves in the direction of a magnetic pole, and since the 
remaining components of the air which most becomes from nitrogen show diamagnetism, they can be moved in the direction which 
keeps away from a magnetic pole, and can take out high-concentration oxygen from near a magnetic pole by this. 
[0094] Specifically, the oxygen enrichment section 192 is the rotary type thing which rotation Rota was prepared [ thing ] m casing 
and made the space between casing and rotation Rota generate a field by the field generating section. 

[0095] According to this 4th example, the nitrogen concentration contained in reformed gas decreases, and the dilution rate by 
nitrogen gas is reduced. Therefore, the hydrogen concentration in reformed gas can be raised further. In addition, in this modification, 
as an oxygen enriching means, although rotary type field-type oxygen enricher was used, it can also consider as the configuration 
using the equipment which takes out a hyperoxia concentration gas by other methods, such as an oxygen enriching device which 
adopted the pressure-swing-adsorption method for changing to this, repeating an adsorption stroke and a desorption stroke, and 
performing gas separation. , 

[0096] F. The 5th example : although the configuration 1st thru/or the 4th example which carries out adjustable [ of the hydrogen 
utilization factor ] does not especially explain how the generation-of-electrical-energy conditions of a fuel cell 10 are determined, 
generation-of-electrical-energy conditions, such as the amount of load currents, are usually controlled by the output-control unit which 
is not illustrated. The fuel cell system of this 5th example was equipped with the 1st thru/or the same configuration as any one of the 
4th examples, and considered it as the configuration which performs control to which the amount of load currents is changed in the 
above-mentioned output-control unit on it at the times of operation which does not usually come out at the time of starting and a load 

effect etc. . , , . . 

[0097] If the amount of load currents is changed, the amount of consumption hydrogen (the amount of load currents is proportional to 
the amount of hydrogen which reacted) will change, and the hydrogen utilization factor of a fuel cell will change. Since the amount of 
the water generated in the cathode side of a fuel cell changes because a hydrogen utilization factor changes, the water vapor content in 
cathode off-gas changes. For this reason, even if more water is needed in the reforming section at the time of starting and a load effect, 
it becomes possible by making the amount of load currents high to make [ many ] the amount of the steam generated in a cathode side 
from the ability of a hydrogen utilization factor to be made [consequently ] high. . 
[0098] Therefore, since the water vapor content contained in cathode off-gas can be increased by changing the hydrogen utilization 
factor of a fuel cell also when more water is needed in the reforming section at the times of operation which does not usually come out 
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at the time of starting and a load effect etc. according to this 5th example, required water can fully be provided with the reforming 
section only with cathode off-gas. For this reason, also a sake [ at the time of non-usual operation ], separately, since it is not necessary 
to form the conduit which supplies oxygen from an evaporator or the exterior, the miniaturization of a system is realized certainly. 
[0099] G. The 6th example : although the water vapor content in cathode off-gas is made adjustable by making the hydrogen 
utilization factor of a fuel cell adjustable in the 5th example equipped with the reservoir tank of water of the configuration above, 
according to.this configuration, many steams are able to be made to be contained in cathode off-gas from the amount of water which is 
needed in the reforming section. In this configuration, this 6th example sent the water which formed the reservoir tank which collects 
excessive moisture between the cathode of a fuel cell, and a reforming machine, and was collected by the reservoir tank to the 
reforming section. 

[0100] Drawing 9 is the explanatory view showing the outline configuration of the fuel cell system as this 6th example. This fuel cell 
system is equipped with the same configuration as the 5th example (type equipped with the configuration of the 1st example) which 
made the hydrogen utilization factor adjustable, and is equipped with the reservoir tank 202 which adjoins a fuel cell 10 on it. 
[0101] Drawing 10 is the explanatory view showing the outline configuration of the reservoir tank 202. The pars basilaris ossis 
occipitalis of fuel cell stack 10A equipped with a fuel cell 10 is adjoined, and the box-like reservoir tank 202 is formed so that it may 
illustrate. The reservoir tank 202 is equipped with a communication trunk 14 ( drawing 9 ) and exhaust-port 202a open for free passage 
while it is open for free passage with fuel cell stack 10A. Cathode off-gas is sent to a communication trunk 14 from exhaust-port 202a 
through this reservoir tank 202. If the water vapor content in cathode off-gas increases, a steam will dew and will be stored by the pars 
basilaris ossis occipitalis of the reservoir tank 202. The end of the communication trunk 204 for water is connected to the pars basilaris 
ossis occipitalis of the reservoir tank 202. 

[0102] The other end of return and the communication trunk 204 for water is connected with drawing 9 at the downstream near the 
reforming section 20 of a communication trunk 14. The pump 206 is formed in the middle of the communication trunk 204 for water. 
A pump 206 is controlled by the output-control unit 208. The output-control unit 208 controls operation of a pump 206 while 
performing control to which the amount of load currents is changed like the output-control unit as used in the field of the 5th example. 
The output-control unit 208 sets up the hydrogen utilization factor of a fuel cell lowness from an initial complement, and he is trying 
for the steam in cathode off-gas to specifically serve as supersaturation. Consequently, the water from which the steam dewed and 
changed to the reservoir tank 202 is stored, the water which the pump 206 was worked and was stored in the reservoir tank 202 when 
much water was needed from those at the time of starting and a load effect etc. - business - it sends to the communication trunk 14 
which follows the reforming section 20 through a communication trunk 204. 

[0103] By the above-mentioned configuration, also in case more water is needed, sufficient water for the reforming section can be 
supplied from the reservoir tank 202. Therefore, since supply of water can be ensured to the reforming section, without forming 
separately the conduit which supplies oxygen from an evaporator or the exterior, the miniaturization of a system is realized much more 

pDlOflta addition, although it realizes based on the 5th example which made the hydrogen utilization factor adjustable after having 
the configuration of the 1st example, this 6th example can be changed to this and can also be considered as the configuration realized . 
based on the 5th example which made the hydrogen utilization factor adjustable after having the configuration of the either the 2nd or 
thru/or the 4th example. Moreover, although this 6th example was a configuration equipped with the 5th example as a basic 
configuration, it is replaceable with this, in order to make [ many ] the water vapor content in cathode off-gas, it can form a reservoir 
tank in the 1st thru/or the 4th example which is the configuration which has not made the hydrogen utilization factor adjustable 
intentionally, and can also consider it as the configuration which supplies the water stored in that reservoir tank to the reforming 
section 20,120. . . . _ AO . 

[0105] H The 1st modification of the 6th example : although considered as the configuration which formed the reservoir tank 202 in 
the exterior of a fuel cell in the 6th example of the configuration above which formed the reservoir tank in the interior of a stack it can 
change to this and a reservoir tank can be considered as the configuration prepared in the interior of fuel cell stack 1 OA equipped with 
a fuel cell 10. Drawing 1 1 is the explanatory view showing the reservoir tank 212 formed in the interior of fuel cell stack 1 OA. 1 he 
reservoir tank 212 is formed inside the pars basilaris ossis occipitalis of fuel cell stack 10A so that it may illustrate. The reservoir tank 
212 is carrying out the tray configuration which the upper part opened. A supersaturated part dews and the steam generated within the 
fuel cell is stored in the reservoir tank 212. The water stored in this reservoir tank 212 is supplied to the reforming section as the 
communication trunk which supplies cathode off-gas to the reforming section is also in another duct like the 6th example 
[0106] Since supply of water can be ensured to the reforming section, without forming separately the conduit which supplies oxygen 
from an evaporator or the exterior according to this modification as well as the 6th example, the miniaturization of a system is realized 
much more certainly. , 
[0107] In addition, in this modification, the reservoir tank 212 will always be maintained at fixed temperature in response to tne 
operating temperature of a fuel cell. For this reason, it can be concerned with the amount of water generation in a fuel cell, and water 
can be supplied at a reforming machine as amount of water (amount of water always corresponding to the utilization factor of cathode 
gas) there is nothing and fixed in cathode off-gas is also. Therefore, S/C control in the reforming section becomes easy. 
[0108] I - 2nd modification [ of the 6th example ]: - although the reservoir tank 202 was formed in the exterior of a fuel cell stack in 
the 6th example of a configuration which carries out adjustable [ of the temperature of a reservoir tank ], in this configuration this 
modification made temperature of the reservoir tank 202 adjustable further. Drawing 12 is the explanatory view which looked at the 
reservoir tank 202 in this modification from the lower part. The duct 220 where the cooling water of the fuel cell stack A is introduced, 
and the duct 222 where the combustion gas (exhaust gas) which occurred with the combustor 26 and was discharged from the heat 
exchanger 25 is introduced **** in the base of the reservoir tank 202 in the shape of meandering, and are arranged m it so that it may 
illustrate. The 1st bulb 224 is formed in a duct 220, and the 2nd bulb 226 is formed in the duct 222, respectively. The temperature of 
the reservoir tank 202 can be lowered by controlling the circulating water flow which flows a duct 220 by the bulb 224. The 
temperature of the reservoir tank 202 can be raised by controlling the amount of the combustion gas which flows a duct 222 by the 

[0 1 09] Therefore the reservoir tank 202 can be adjusted to desired temperature by adjusting the opening of a bulb 224,226. 
Consequently, it becomes controllable [ the amount of dew condensation of the steam in the reservoir tank 202 of storage, i.e., the 
amount of water, ]. Consequently, according to this modification, it becomes possible to perform S/C control in the reforming section 
without being dependent on the amount of steam generation in a fuel cell. 

[0110] In addition, in the 2nd modification of this 6th example, it can change to the configuration which makes temperature in the 
reservoir tank 202 adjustable, and can also consider as the configuration which makes the pressure in the reservoir tank 202 adjustable. 
It can also consider as the configuration which affects dew condensation of the steam in the reservoir tank 202, and will make which 
physical quantity adjustable in short if it is the physical quantity in which adjustable is possible about the amount of dew condensation. 
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[01 1 1] J. According to the 6th example in which others carried out the modification above-mentioned, and its 1st and 2nd 
modification, it is the configuration which supplies the water which formed the reservoir tank which collects some steams in cathode 
off-gas, and was stored in the reservoir tank to the reforming section. It can change to this configuration and can also consider as the 
configuration which collects water from the combustion gas (exhaust gas) discharged through the heat exchanger 25 from the 
combustor 26,126, and supplies that water to the reforming section in the fuel cell system of a configuration equipped with a 
combustor 26,126, i.e., the 1st example, the modification of the 1st example, and the 3rd - the 5th example. 

[0112] Furthermore, in the 6th example and its 1st and 2nd modification, water can be collected from the combustion gas (exhaust gas) 
discharged through the heat exchanger 25 from the combustor 26,126, and the water can also be considered as delivery and the 
configuration which always secures the water in the reservoir tank 202,2 1 2 at the reservoir tank 202,21 2. 

[0113] In each example mentioned above, although all cathode off-gas was considered as the configuration supplied to the reforming 
section, it changes to this, only a complement is supplied to the reforming section out of cathode off-gas, and the amount of excess is 
good also as a configuration discharged out of the system of a fuel cell system. When there are too many amounts of oxygen in 
cathode off-gas, a part will be discharged out of the system of a fuel cell system. 

[01 14] Although the water which the water vapor content contained in cathode off-gas is increased, and is supplied to the reforming 
section by changing the hydrogen utilization factor of a fuel cell was controlled in said 5th example, it can change to this and can also 
consider as the configuration which controls the oxygen which the amount of oxygen contained in cathode ofT-gas is increased, and is 
supplied to the reforming section by changing the air utilization rate of a fuel cell. With this configuration, the amount of the oxygen 
generated in the cathode side of a fuel cell can be changed by changing the air utilization rate of a fuel cell, and the amount of oxygen 
in the gas discharged from the cathode side of a fuel cell can be changed. Therefore, since the amount of oxygen contained in the 
exhaust gas of the above-mentioned cathode can be increased by changing the air utilization rate of a fuel cell also when more oxygen 
is needed in the reforming section, required air can fully be provided with the reforming section only by the gas. 
[0115] In each example mentioned above, supply of water or oxygen is omitted from the outside of the system of a fuel cell system to 
the reforming section. Fundamentally, it aims at providing required water and oxygen with the reforming section within the system of 
a fuel cell system. However, it is not necessary to necessarily provide required water and oxygen with the reforming section altogether- 
within the system of a fuel cell system, and air entrapment Rhine is prepared separately, you may make it add oxygen, a water supply 
line is prepared separately, and you may make it add water in this invention. 

[01 16] as mentioned above, although one example of this invention has been explained in full detail, this invention is not limited to 
such an example at all, and comes out not to mention the ability to carry out in the mode which becomes various in the range which 
does not deviate from the summary of this invention. 
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* notices * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the explanatory view showing the outline configuration of the fuel cell system as the 1st example. 
[Drawing 2} It is the graph which shows the value of S/C to the SUTOIKJ ratio of the oxygen of a cathode, and O/C in the 
configuration which sends cathode off-gas into the reforming section 20. 

[Drawing 31 It is the explanatory view showing the outline configuration of the fuel cell system as a modification of the 1st example. 
[Drawing 41 It is the explanatory view showing the outline configuration of the fuel cell system as the 2nd example. 
[Drawing 51 It is the sectional view of hydrogen demarcation membrane 130a. 

[Drawing 6] It is the explanatory view showing the outline configuration of the fuel cell system as the 3rd example. 

[Drawing 71 It is the graph which shows the effectiveness of hydrogen generation of the 1 st thru/or the fuel cell system of the 3rd 

example. j- ■ • 

[Drawing 81 It is the explanatory view of the fuel cell system of the 4th example showing a configuration in part. 
[Drawing 91 It is the explanatory view showing the outline configuration of the fuel cell system as the 6th example. 
[Drawing 101 It is the explanatory view showing the outline configuration of the reservoir tank 202. 
rDrawing 111 It is the explanatory view showing the reservoir tank 2 1 2 formed in the interior of fuel cell stack 1 OA. 
• - - ■ [Drawing 121 It is the explanatory view which looked at the reservoir tank 202 in the 2nd modification of the 6th example from the 
lower part. 

[Description of Notations] 
10 -Fuel cell 
" 10A - Fuel cell stack 
12 - Press pump 
14 - Communication trunk 
20 - Reforming section 
22 - Supply pipe 

24 - Press pump 

25 - Heat exchanger 

26 -- Combustor 

28 — Communication trunk 
30 -- Shift section 
32 — Communication trunk 
34 - Conduit 

42 — Communication trunk 
52, 54, 56, 58 - Heat exchanger 
90 — Communication trunk 



110- 


Fuel cell 


112- 


Press pump 


114- 


Communication trunk 


120- 


Reforming section 


122- 


Supply pipe 


124 - 


Press pump 


125- 


Heat exchanger 


126- 


Combustor 


128- 


Communication trunk 


129- 


Communication trunk 


130 - 


Hydrogen separation section 



130a — Hydrogen demarcation membrane 
130b - The 1st chamber portion 
130c - The 2nd chamber portion 
142,158 - Heat exchanger 
150 -Path 

152 — Communication trunk 

154 — Communication trunk 

156 - Pump for circulation 

158 - Heat exchanger 

1 90 — Oxidation gas supply line 

192 - Oxygen enrichment section 

202 — Reservoir tank 

202a - Exhaust port 

204 — Communication trunk for water 

206 - Pump 

208 — Output-control unit 
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212 — Reservoir tank 
220 - Duct 
222 - Duct 
224,226 Bulb 
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imifymx-imsmtzmtihmto 

6. 

[0039] i oory- kobtwu jBBwr* 

#5S93i*:h.*fc. **-f*^36*^jft**L4 (H 2 — 
2H* + 2e-) . — ^y-Ktil-Cii. 2t9Uffi.V& 

y-KfciSWt. WIETk^tfi'fcBBR-r* 
#!I££*L.6 ( ( 1/2) 0 2 + 2H' + 2e-^H 
, 2 0) . Z^co^b^lt. »4m?firtT'^i-|,IKi 
$rtRiRLT7i<||mi: LT^^iil.. <r<7)^y-KMT' 

^te&tstiz, Tkmsteikm-z 2 0 tzm 0 ct 

0 l 0 y - KMbffiR* 1 4 

[0040] j^^6«m^sr^.^^>7ttf>£7)^m7y 

fi. (c 8 h„) tiBK^fc-ri^fyy^ 

Sr^B£-rSKSSP2 0i:. I<7)Kf32 0T'M 
COSiR!HfcSM0££fiii;i£„ 5^* 

tmzm^zm&k-?zzbi>x'*z. 

[0 04 1 ] eSt«g|52 0{cli. EK^L^rV^m^^fc 

mwti$ti&mi&g2 2tfimztix& t ). tti. ±ai 
it^^^ns. ssiwi4*»iit±. *p*m?tfii 0^ 

y-K^77yx^jM0a*it-S>£ ( !:tc:J: oiim«»i 0 

nmvffiz. e>ttx ^-s. . xfy u ^ -r 

LTffl^^if^t^i. CuO-ZnOIM. Cu-Z 

n ojmm: t'tfimx'h h z t &m t>tix ^ & . 
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[0 042] ttfCgB2 0Tii\ fVtKtWm 

<r>#&*&ftx* 5fet=5t ( i ) ( 2 ) x'7fiLti*.m5m 

»2 0~z>*kBflW>«tttt. 1&»UiS§Wl4fc:J: 
hh<r>tf<£XX'$> 0 . ^SBa^ffe^lSfcJ: D$r£iiT 

■f* * * «J*k -r * - k fc & . 

[00431 ±IBK«3J2 0 tCii. JN&fMI (heat exc 
hanger ) 2 5 £tf LT^fS2 LTl£tt£>ftT 

2 6tc(2s JBE»K^r2 4fc:J:«3aBJW J fltt&S*i*. 88 

2 6»t«rv v ybg&mtmz&nxmmzft* 
[0044] mmmu 2 0 ca, mm^ 2 s lt 

i/7h&3 0tf&mZtlX^&. ZVisy hg&3 0{4. 
&«£B 2 0 tc*3 C >T ^ftSfl^aor^ 4><?>C O £ * k 

JftRfctl. CO + H 2 0-^H 2 + C0 2 T'^ 

[004 5] mnl=syhM3 0lZii. ftS»32m 
tCOSM^4 0*<ga£Stl.TU&. icOCOSfK 
Rfctf 4 OfcL x7 bgB3 0 iZ&^xm&Ztl&fr-otl 
CO£StffcLC0 2 (;:^fiS;£-£&. £<7)COSiRgHt;g& 
4 0<7>^j£Rl5 (CO + (1/2) 0 2 -C0 2 > tClifg 

*s&«je«Tft*. «awr3 2tci±. Mfftagk 

[0046] KfiEC OjSJR^bgP4 0 tcti. S^f4 2 
Srtf" LT^Pm?i& 1 0 tztUt&TS- Ymnmitfxm 

&tm&ztix^&. coaijRBWb»4 o^^mta^ti 
htfxiz. tm/rxt Lxmwm4 2*jYLx®mnm 

1 OfciM^iiS,, 

[0 04 7] 3rfc. ^7FS53 0:fcitfCOiiIifigKl:lEG 
4 0 iZii . ffi&M 5 4,58 tf*tl?ttiRmZ tlX tJ 

fectlX->7 FSP3 OkCOgliRK-ffcSM O^^Sigrff 

3 2K*4. 2 , 5 6#**l* f flS«'fciVCV* 

5/7ha53 0J3j:lXCOS^i!^4 0ti. 

§154, 5 8iz£^x9mfrt>i&mmi>mt>ti&tg; 

(c. JRS3JHB52. 5 6fcJ:^>r^V-H*7/rx^« 



bg?3 0J4. **>85)Sfc:*HKriflftfciWS*v ifc. 
CO»R»fl:»4 0UL COS««**4ikC4t4 

[00483 «B0ftS52, 54. 56, 58 

F §15 3 0 *> 6 V M±C O jgftBHMffi 4 0 T»fe»«S:SSR 

« 1 4 §Btce*r* j: o aaaiittffiror v** . 

[0049] JJE«UftO«SH«»^-rA"Ctt, ttMSC 

2 o ass ■r*«aaji»2 5*3 jttx ±EsssaiM»5 2 , 
54. 5 6. 5&tzx^x^rtBMttgymt*i\x\* 

[0 05 0] ii\ «m«6lOco*V-Kfcl±. JESS 
ifiVTT 1 2 Cr i 9 * F 1 . 2 cOSMfi^jM 4>il 

-ICT'. *M**tkti. (H 2 + ( 1/ 

2 ) 0 2 ^H 2 O ) tz&£&lgg|«& 1-Ok L^^-iO 

1. 0*tti*4Wfttia6tinwS*L-rfc:. ^V-HsJ- 

i±. N 2 A«74%. 0 2 **3%. H 2 Oj^2 3%<?>!&ttit 

(H^S^MT'ti^SO-C) ^S»tT^8 0'C 

5 6 . mssffi 5 4 ; m&sm 5 2 -rfatciiaRsnT . 

£>6 0 0iCt£#F&3:fl&. K«gP2 0lC{±. Z<7)tfX& 

[005 1 3 C&W352 otc«i, tSfi*LfcJ:afc:-f 
yjj-^ * >-#«!a$;h.Ti3 0s ^ y- HsJ-^^fe** 
*i4K»k*fc*3HfflL-r-f y*^^io&%*$*i&. 

D» o/c <»*/«*) =0.4. s/c {ymms 

B&t) = 2. 2-C**. 

[00523 02*4. ^y-Hs!-7^*B[«»2 0(C 
*H-*S/CfcO/C«fit*7i^-^57-C**. 

57ii, flm«& 10^ y- h ^it* 1 1 . 0 

IJ^f^k LT. a«»tfS8MRJEaWstt 1 0 0 [%] 

t-s> o . * y- KT^Jft bfc*n»»i^-r v- 
^'x^tz-t-iix^tcokL^. 4fe. IfW7/- 
K WC<0**Mffl* 1 8 0 % fc LTK* Ui i ^T'S> 

[005 33 H2fc^^97*»^>*>*»&«totc. 

-f^Jt^i^wwtfjafflrc-**!. 2<o%&. o/c 

(40. 4k^:0. S/C(42. 2k^ri». -t%*>H>* M 

mmm 1 o fc* w * it 1 . 2 <oiawr*-^^ * m 0 a 
tt«ikT. ttssc 2 0 iz&v&Tm&i&nKfcx'm&m 

iH^yim^A ( S/C=^l . 6 ) £_LEIftrt£M-«D* 
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[ o o 5 4 ] m i km o . stm* 2 ona. m.-fstfw 

O/C#0. 7&T<9*§£\ «8»RJCfc**A«. 
ttWCIi. ±l£^)J:3^O/C = 0. 4T'&ftC:i:3^ 

T'&JfgB 2 0 1^1X802^ 4>*lT V ^ft . 
[0 0 5 5] i¥L<fcL fc*JS3§26ti. 2»*j8Mft$-^ 

8e8:8l&2 5 fcBfflW4a«»2 0(47 0 0 
•CIS k'lcM^fl ft £ fc isfir ft . &Jf§P 2 0 T&S 

ft. &£3ft»5 2tt. igf 14lt^fii^Ct 

»5 2i:^7h«3 0fc:||WSfrftfRS3«»5 4fctc«t 
0, ^7h^fcML^tJ2 5 0-C^|#T(f^iXft. 
C 0 0 5 6 ] Olzi. *)Eg&tlt:tfAii* B 

2^5 6fcJ:oT3 6fcffl*^«'fc*tft. Sft^glSI 
5 6ii. iiiBE^l 4 ft CfcT, >-7 Kg? 

3 0 £>#ftti $ ;h.*:#XOiSJ£c7)<£T£ Ho T 0 , C 
03!lRi£{fcgB4 0 OrtSPOiS^ti. £<0«SSft»5 6 k 
^7h«3Ot:»fiW-ft«!0Eai»5 8fcK:Jt'5. ^15 
O'CfJk'fcflP^ftft. COSt#?^tai4 0*»£J*Hi3 

[0057] J^UiiO j; -p fcM^^r^ 1 2Bt0f*> 

-Tft^^tWl 4CJ:oT. «S«ftl 0<0^V-K«*» 
6#ffl £ixft * V - K* y/fxtfOiXiB 2 0 icateft 

ft. a v-f*? oco&mzx 

9^$:h.4#IK»**R^I8*#*S:h.ft £ k*» 

*SrR»tft£fc£Lfc:, ^Xx^«0^<O4 J T***^5£ 
k#T#ft. ZcotiMz^ v-^-f-A^jNM^Srllft £ k 
#T*# ft . t*» «> . 2 6 (C «fc 2fc«S15 2 0 iiJP 

*lft £ t *»4> . ^SJST-^ftgS^-fkSJ&omg 
5riS<P^Tt>K«gP2 OtcfcHfft^M^iRS:^0-& 

Efrjfc-$-ftC:k#T#ft. 

[0058] 1^1 ^JSMcD^mm^^ 

mmcomm±t comttrnz z t a^rs ft . 

[0 0 5 9] B. SSlHtfi0i^8&0i: 77-W7# 

m i amwi, 1 o ory- k a»4»#as six 



L*V*«WS» <ttS^ffl^M§2 6k<iJ5UOt<7)) fc 

aoatfdkT. ry-h-^-^^^^iifta^co 

*«t«ar««JS*«i: 4,ilTV>ft. 1311 ^lHJfi 

&M&2 0 SrHogrt-ftjBt&S 2 6 <0g*m UTWffl-Tft 
^S-CT^LTt. -$-$Nfofe x BS"*-ftJ:5fc:» 

tc. j^m?ffii 0^Ty-KMC^@9 0O-aS*^ 

[0060] Z<?>8HBtfB9 OO^+tcii. SiMf 1 4 i 
«Se« 2 8 k (^IBfc:* ft 5 2*>M <0£t^ 9 

mtf&^Zbfre*. Sift. H3£Lfc.fc3fc:*filLT«9H 

-th^tx. &)5oo xzizwi&z-txmm 2 e xmm 
~*m%mf&b ft. 

[006 1] ^mvfil 0^7y-K^7^ll M 

mm.i ocom&iMjgizmoi&mbZhz kapkta&m 
m&i&\<\ zco^tbiz. mm&2 6X7y~v*7tfx 

2 0 coteM -hlHzm tf> ft £ t *s fflSrt- ft 4 . z (D^M 

mcmmmmisXTj^xa. &«gu2 o*>*,^;j;o 
T±ie^'^ (i+^ia^^s^ ^ft c t 

iSJg^+^-i^<^rft. C^rttc. KSigB2 0£&S 
R/S(Ci^=5riS2agt:^^«> ft £ k ^'T-^ ft . 
[0062] £<7)^(5l|Tii. «|ffiNS2 6 

£7)Jffi^^3ft^f ft 77- H*7^ti o T * A«Sr 

ftx^;^'^*«fiKiT ^4 . 

[ 0 0 6 3 ] C . *29ttt09 : ^ V- K^^^S-Qj® 

04 Ji. H2HJ||fiaji: LTO^fm?fi>'XxA^lllB&« 
tf&^-fWtWmX'&Z . CiD^J^v'X^i.Ji, 

0k*^*f^$fift. fflltl 1 OliMimmvM 

mmt i o t m-<7) h oxh o . 

idJB 2 HiMttW <7)X'h ft . 

[0 0 64] 04>*y— panel*. 

- Hffl!T^S<lft*J^«-fjBjt^-fti9cK» 1 2 0 tciM 
ft. 
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[0065] wmfre>m®#AZ&s&t &ti#><7>%m# 

-r y * ? * v *a« tx*m z-t^rt *> £ 
-r&ttsfgc 1 2 o k . ^<7)K®gc2 ox'tmztLti&m 

[0 0 6 6] &ff§Ul 2 0fc(i» ll^L^S*^?^? 
K:««S*i&ftt&«l2 2*»Sgtt5iiT«*), ± 

i£L*^tt?t!! io©*y- H«fc«tts*ufe«tt* i 
1 4<vffl®tfmmzixT^& . 22*^(i. # 

V 'J >-#ffit«S&£il& . Stttt 1 1 4 MS 
fftl 0O*V-H*7^3Wa9a**i*ifcfcJ: 0*3* 

ftfttffii. 2o<4. Sfn3U£0^&«ai2o 
Krnt &ti-m\&.mt x~>smt%h*twm<7>&m±. 

£ &«*k"f-* - k fcf* * . 
[0067] BUie&^SU 2 0fcli. SffHfl 2 8£tf 
LT*SR»«W1 3 0jW£tt$;h."tVv6. #y- 
KsJ-ytf^fcMWU 2 OKflStttiSatl 1 4 k± 

EM* 12 8k aiatcttagSftft 1 4 2 sWRtf-fcttT 

^4. JR£8«14 2«:. M* 1 14*^tta[«i 

1 2 0 36»4><oaK/r^t»^sRft**asMf 1 1 4 ace 

[00683 *f£#JiligB 1 3 Oii. 30a 
Z&MtfxikAmcoM 1 MSP 1 3 0 b k**^»{Bffl 
co&2m&l 30ckX*&UrtffiiRt%'>X\>->&. SHI 
1 3 0 b fcJtlHftgW 1 2 9 #«tt3;h.4 . 

I8IB*IW-**)OT. &SJ#x4H9CO£*k£U5£-£ 

*> Ma t'cDfcmmimmiZG-rz&mx'ffitfLZtitzm 

1 3 0 a^fgitfc-PWC $ ^KKSti . 
[00693 B5tt*S£ttStl 3 0 aOBnEHtr* 
*. 43«Mftia**4HIR 1 3 0 a»±*3t:JH£&Jg#tB 
ftZtltimZO. lmm— 5 mm^TLIGd^TJb 
*. Hwr*-***) , 7K3£#iSBt 1 3 0 aCOrtgPt'ti^fL 



®^ftc5rHJfi)£-r-2>-fe 7 5 y ?$tf4f a 1 *q»SA«« 
<9lSIIH*2ttT#£LTiJ9. IILJMU^S. £ 
oai?Ll^t**^SIA«Tft*-''«9^AlSttl^a 2 

fit, Lt^T^SfflTLSrSV^Tir^kJiRS^^r^. 
[00703 -t 5 $ >y 

tl^alOMaa^iiaM-ilRtC. ^> ;T 7A«&- : fa2 

x-mwtuz v ^-ffu&^m * jgf« w tiKfrr * s*fc . 

*\ ^^A<0^&k*£Jf§V->S.rka*T'#£. g 

fc, •fe7§7^{8^tUli, 7/w$-K arts*. 

oTSittl.C:k* ? T'#l). 

[ 0 0 7 1 3 04 tc* 9 . 1 2 0 TKSRJEfc J: 

->X±fSLZ1\. mtgmi 28^LTI11^1 30b 

izmi&ztixzt:7itmte. mimui 30bk^2Mgi5 
1 3 o c k n?mft&mz «t -yx^m^mm noaj 
m 2 mm 1 3 o c mizmm- h . **ja^<o^rxj±** 

«tli, H2MS51 3 0ct:(i. *—3?tfxifi9aBBtf 

m^—vx* t Lxim i 5 o ^fc^^N-s^tf 
xmrn^j ytzm.tirc£h&oiiz%:-7x^z>. ± 

fe^N-^'xk LTfi. g*=5:k*^«1t^"^*W* L 
[0 07 23 3S2Mgi51 3 0c(i. itM^l 5 2^L 

t»4«?si i otmrnztLx^z,. *m-fr?i$i 1 3 0 

XtUiMl 1 0c7)Ty-FMtc«fS$fL-g,. 
[0 07 33 Wl^fil 1 0«7/-Ki^<?)*7^ 
ti, ^i!«l 5 4lCk^T*#^lia51 3 0^2^ 
1 3 0cCM$fLT^I». -T=5r*>*>. Jfgg^l 5 2t^ 
if 154 ki; i 0 . TkS^-MgP 1 3 OOH 2Mm 1 3 
0ck«mm?fikOiaotli3SK^BE$^S. 

1 1 5 4^«. mmmxyyi 5 6*^«$ixTiiO. 
mmmxyri 56tc«t ofli^ss-^x (ry— k*7 

JJfflaW 1 5 4t=t±, ±»LfcSKl 5 0*»'if^$n 

[0 0743 &$^fl 5 2k^f^l 5 4k^H 
fc*i«aaMBl 5 8#t£H-^>ftTV->&. «05Si»l 5 8 
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14. **4J*«1 3 0C7)H2SSP1 3 0 c*6H!il33*L 

tx-mrz-ttt ti>iz. ry-Y^yiixvy&m:*. 
xftmm 1 3 o (C3BLfcsuciT±#*-fr4 «t 3 »c, 

[ o 0 7 5 3 . i colg 2 mt0f«>BmwA^f- a 

Ti4. XMSfllM 1 3 0 fcfe WC* 1 MSB 1 3 0 b cos 
****2S6»1 3 0ctf>flE*J:D*<fc*J:-3fc, ** 

1 3 0 A*iJ>tfVt-^*^|K«|^EE*«t 9 kiS< LT* 
;^Ci-7t. >l£ll 30bk82S»l 
3 0c *HT4**^«R1 3 0 at*Jir^T**<^aii 

[ 0 0 7 6 3 JiLhOJ; 3 fc«j£3*lfc£«0*2SOttH<0 

■fiSMWl 14(;:J:->T. fl^HKSl 1 0*>*y-K 

iza. mmmm i o<oset x *)&A*ii&jms&* 

ay-F^tf^SBMaKcBS-r*^ SKiflHfcRlEo 
Ttt. *fg#MS5 13 0fci 9K®#x*o*fSt£#iS 
S»130c«fcJ3tSSlM»l 3 0b^^iS<tl. 

K^^^cjeaKawsaufefcL-rfc. ffi$wni 10 

[0077] D . !g3 J^fctflJ : jfry- F*7tfX&®M 

9mmnmf8L*ffi£ m2mmmt m-w-vizam 

2Wi«i:Wt#*MtWfc> . 5fc|f3|51 2 0 

. m i ^jfewt i§i«t= . ms&m 1 2 5 ^ lx 
2 65W»«U"rRtt^*i"rv^. asms 2 60 

^fc LTt4. *3t#!§igl$ 1 3 Ocojg 1 1 3 0 bO 
a*^**S8ft$*tft. -t^hib. 2 6 

£J4. fflWf^l 2 4 Hi D^m#gy&£ft.&„ *5t 
#J$iSJ 1 3 OOjg 1 MSB 13 0b fcMMS 1 2 6 fc J4g 
8*1 2 9fcJ:9a»»*tTV»&. 
[0078] 1 2 6(4*fg#i§i3P 130 *»605» 



6^$JS#*t4^.3SaSl 2 50ASMoT»«lcll 

[0079] JJEflHS<0ftgpf«ft^X-rAti. &®S5 1 
2 0 eMFf&K&IMI 1 2 5 & «2Htt0rC(,ftft6 
JutfggS&S 142, 1 5 8 K =fc -o ?#3oaft8|SEd< 

[0080] JK9W61 1 O^y-Ktii. 

lUitM&imz. JE«#^ri l 2(cJt9.*M 4rit 
* { i . 2 fcu#> btuzogumhtih . 

*V-K*7^I4. Nj^7 4X. 0 2 #3%. H 2 0 
#2 3#tf>jR#ifcfc:Sr4. i^y-KaT^^^ilflg 
{4. tttttt&<3ttffc&& (®«c?g^f^T{4i^8 0-C) 

« 1 4 2TM8iiT»4 0 CCk^ri . 12 0 

[0081]-^ &®g&l 20t=(±. 4V*9*># 

mk^tixa*). *v-F*y#xiz&£ti&mmt7k 
«at*iaw)a^^^)j«^j««4 . ai i mmmxtm l 

fejrdfc. O/C = 0. 4. S/C = 2. 2T'?>4. BSC 
!KaiT'{4. M&tfX&O/CtfO. 7JMT<7)*i^, ©1^ 
RfBt=5:i.3!p\ icoH{j6MT{4. ±MZ<r>£oizO/C = 
0. 4T»S^fc*»*>«W!iRJBfc5r-5T8!«36«3FJ£-t' 
4. i^JfeMT-{4. ttffi&l 2 6(cJ:'oTJ!ftXai»l 

2 5 ^LTj^&$ix4^ fc-caawnj 1 2 o{4asiis 
imi>tix\^&. 

[0082] If L<t4. mt&l 26J4. 
*Tftl OOO-Cfc^j^/fXSrSgijS^Sl 2 5CJ8 
4. i^m. &£8Ugl 2 5icSltttiSfl«12 0 

i47 o o°cat'izi}imztiz,ztiz%&. k«ssi 20 
^T»f s>tih. mgsmi 4 2(4. fisti 1 4mizm 

Sfc®Tt"4. Cl(7)te«XfX(4*-?5 0 0 , Ct^->T7kS 
^SiSPl 3 0tciH4»ix4. 

[0083] ^iMSft 1 3 0T-J4. #XCD%Jgcr>igT 

^P^'Xi4. iSSSISff 1 5 8Tjft 1 0 0*CHiSS3& s Tff 
1 0tciM4>ix4. »4m?tfel loo 

7y-F*7^u. fflti 1 1 ovtm&mtmt 

$}8 0°Cb%-oX. *<»&^ JRE&MU 5 8T*«J4 0 0 

[0084] jjeawtoasH^^jR^^Afcfeft* 

*36»*» iXfcrKW*. CSl«g51 2 0*»&*faJ3*L4iX 
»XfXi4. H 2 *<24. 5%. COA>'6. 3%. COj*? 
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5. 1%, N 2 #52. 6%, HjO#ll. 5%tf)fi!t# 

Si$ixS7j<S^^a^^^«S. H 2 #7. 6%. C 
0*U. 7%, C0 2 A ! 12. 9%. N 2 #6 8. 8%. 
H 2 0#8. 9 J£k&S. ZWztb. CKD^fc 

#*»4-HM&SSH- 4dfc*»fc« k LTftSSSLS l 

2 6 £8SHF 1 2 9 Srtf . 
[0085] J2Lttf>J: 3 tc1f f&Ztltcm 3 HS(60dWfi^et 

*w»» /oKS*«^-r &if9&afl« 1 2 o tiaits 

* h b k 1> iz. *m#MM 13 0 £Rft* i k 9 , 



@&i 2 0i&mi*n?>ztfrt>. jtmu6T*>&m» 

ig-ft^J£<7>fiJ££<£< 99Z.X tiSKSB 12 0 tfetf* jft 
*^JDSEOft9^£JS8-t£kt>&i\ lOfcftt, SB 

★SRaW^^fcHFjti-* CI k & . -r&;b*> . £ 

O***S<0ffls8£ j: 0— JBI»jkr * - k **T# S . 
[0 086] H7«. *i^uas3Htiw<?>«SH«a 

7 7ii mmz. mmmmi 1 o«o*y- 

kr>fetOT**. 2&J£Eli, <te«i (3) 4/s 

14 (4) *z£->X1&hktih. 
[0 087] 



1. *^8taJS:fil^-S.SIf^l (JB2, £3£tt0!) ntgi-k 

we =£M*m&x*mm&m/mmhm < lhv> ... ( 3 > 

lit, *Jg^^J4*fit?>l§t§ll 3 0 a<0*3tSiS35 ±fBSfl2. SH3H$60ijTi48 0%b-f&. 

»*E=4«***x**fllffl*/«raa* ( LHV) ... ( 3 ) 



±f£B 1 SOIWrii 80%tt5. 
[0 0 88] 0«K SIIS#>\ SS33E»H«)#y-K#:* 

Sii3J:tX^2iafefla|c7)^y-l < *'xcoxh-fdf 

im&me)* y- YUfxnx hj*it<,zm-&*mEiz 
m<*m&xffc$ztifx'*h. 

[0 089] -T^*>, 
. * y- H ^'xsox h -f df J±*^Jn$ ^(JkV 

t usiwr* s . ttc.mi mmM*?& 2 n 
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